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Bacteria lack many of the features that eukaryotic cells use to compartmentalize cytoplasm and
membranes. In this issue, Schlimpert et al. describe a new mechanism of spatial confinment in
the bacterium Caulobacter crescentus that prevents the exchange of soluble and membrane
proteins between the stalk and cell body.Caulobacter starts its lifecycle asamobile,
replication-arrested swarmer cell. The
swarmer cell eventually substitutes its
flagellum for a stalk and attaches to a
surface. The now sessile stalked cell
enters the cell cycle, produces a new
flagellum at the opposite pole of the stalk,
and divides asymmetrically by fission,
producing a new, mobile flagellated
swarmer cell and a sessile stalked cell
(Kirkpatrick and Viollier, 2012). The stalk
contains only very little cytoplasm and is
segmented by so-called cross-bands at
irregular intervals (StovePoindexter and
Cohen-Bazire, 1964) (Figure 1A). Cross-
bands have been suggested to play
a role in stalk formation and stabilization,
yet little was known about their function
and composition. In this issue, Schlimpert
et al. (2012) describe a complex of four
proteins, StpA, StpB, StpC, and StpD,
that localizes to cross-band sites. In the
absence of StpA and StpB, the formation
of cross-bands is disrupted, yet stalk
formation and morphology are not. So if
cross-bands are dispensable for stalk
formation, what is their function?
Using fluorescent bleaching methods,
the authors find that periplasmic as well
as inner and outer membrane proteins
diffuse freely within single stalk segments
but do not diffuse across cross-bands
into neighboring segments. This compart-
mentalization also restricts the exchange
of proteins between the stalk and the
cell body. Strikingly, these diffusion
barriers are abolished in stpA and stpB
and severely affected in stpC and stpD
mutants, leading to the exchange of peri-
plasmic and membrane proteins between
cell body and stalk.
What is the role of these barriers in cell
physiology? They certainly uncouple theeffective membrane and periplasmic
space from stalk length, which can have
important consequences in certain condi-
tions. Phosphate starvation induces stalk
elongation (Gonin et al., 2000), and it has
been proposed that the elongated stalk
can increase phosphate uptake by in-
creasing the cell surface area. However,
significantly increased membrane surface
and periplasmic volume, induced by stalk
elongation, require enhanced and costly
protein synthesis. Reducing the effective
cell surface by compartmentalizing the
cell body from the stalk with a diffusion
barrier is thus a mechanism to uncouple
the physiological active part of the cell
from the stalk. Accordingly, Schlimpert
et al. show that intact diffusion barriers
confer a selective advantage but only in
conditions where a stalk of significant
length is formed.
Although the presented data suggest
that cross-band diffusion barriers play
a role in uncoupling membrane and
periplasmic space from stalk length in
Caulobacter, they may also have other
functions. Membrane diffusion barriers
have been described in eukaryotes in a
wide range of cellular structures and are
functioning in different processes (Cau-
dron and Barral, 2009). They play a partic-
ularly interesting role in the primary cilium
of animal cells, which is an antenna-like
organelle and involved in receiving and
transmitting extracellular signaling cues.
The primary cilium membrane is contin-
uous with the plasma membrane, yet it
contains a unique set of signaling recep-
tors and proteins, whose accumulation
and retention in the cilium are crucial for
signal transduction. It is shown that a sep-
tin-dependent diffusion barrier at the base
of the cilium is pivotal for the retention ofCell 151, Dsignaling molecules in the cilium and
that in the absence of the diffusion
barrier, cilium-dependent signaling is per-
turbed (Hu et al., 2010; Kim et al., 2010)
(Figure 1B). It is possible that there are
signaling events andmetabolic processes
that are confined to Caulobacter stalks in
a similar way and that barrier loss would
disperse these molecules within the
whole cell, decreasing the efficiency of
the corresponding processes.
In yeast, there are also septin-depen-
dent diffusion barriers at the bud neck in
the plasma membrane, the membrane of
the endoplasmic reticulum (ER), and the
outer nuclear membrane (Caudron and
Barral, 2009) (Figure 1C). These diffusion
barriers are required to distinguish mem-
brane compartments between mother
and daughter cell and presumably play
important roles in asymmetric cell divi-
sion. The diffusion barrier in the outer
nuclear membrane is required to retain
senescence factors in the mother cell
and promotes rejuvenation of the daugh-
ter (Shcheprova et al., 2008). Interestingly,
sessile Caulobacter stalk cells have been
shown to age with their reproductive
output decreasing with replicative age
(Ackermann et al., 2003). Because young
stalk cells show a normal reproductive
rate, a rejuvenating mechanism must
reset age specifically in the newly formed
swarmer cell. Thismay be achieved by the
asymmetric segregation of aging factors
during cell division. Analogously to yeast,
diffusion barriers might also be important
for the retention of age in Caulobacter.
One can speculate that confining aging
factors to stalk segments that are sealed
off by diffusion barriers could constitute
such a mechanism. Alternatively, similar
diffusion barriers elsewhere in the cellecember 7, 2012 ª2012 Elsevier Inc. 1159
Figure 1. Membrane Diffusion Barriers in Caulobacter, Primary Cilium, and Budding Yeast
(A) Diffusion barriers compartmentalize inner and outer membrane and periplasm in the Caulobacter stalk at cross-band sites. Barrier formation depends on
a protein complex of StpA, StpB, StpC, and StpD.
(B) The primary cilium of animal cells contains a unique set of membrane-bound signalingmolecules and receptors. They are retained in the cilium by amembrane
diffusion barrier at the base of the cilium.
(C) Yeast cells have diffusion barriers in the bud neck region of the plasma membrane, the ER membrane and the outer nuclear membrane. The outer nuclear
membrane barrier is important for the retention of aging factors in the mother cell and rejuvenation of the daughter.could be involved in rejuvenation. Another
striking correlation between yeast and
Caulobacter is the layered nature of their
diffusion barriers: just as yeast cells have
diffusion barriers in the plasma mem-
brane, the cortical ER, and the outer
nuclear membrane coinciding at the bud
neck, Caulobacter SptABCD complex
compartmentalizes inner and outer mem-
brane as well as the periplasmic space in
defined regions of the stalk.
Whatever the functions of the StpABCD
diffusion barrier in Caulobacter cells may
be, we now know that membrane diffu-
sion barriers not only play an important
role in diverse eukaryotic cells such as
yeast, spermatozoa, neurons, and ciliated
cells, but they are also present in bacteria.1160 Cell 151, December 7, 2012 ª2012 ElseThus, it will be very interesting to see
whether there are similar diffusion barriers
in other bacteria, and whether they con-
tribute to membrane compartmentaliza-
tion in other structures than stalks. On a
broader perspective, the convergent
appearance of diffusion barriers through-
out evolution demonstrates their physio-
logical importance and suggests that we
are at the beginning of discovering new
barriers and their new functions.REFERENCES
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